The general solution of the Einstein equation for higher dimensional (HD) spherically symmetric collapse of inhomogeneous dust in presence of a cosmological term, i.e., exact interior solutions of the Einstein field equations is presented for the HD Tolman-Bondi metrics embedded in a de Sitter background. The solution is then matched to exterior HD Schwarzschild-de Sitter. A brief discussion on the causal structure singularities and horizons is provided. It turns out that the collapse proceed in the same way as in the Minkowski background, i.e., the strong curvature naked singularities form and that the higher dimensions seem to favor black holes rather than naked singularities.
Introduction
That the results coming from the analysis of high redshift Type Ia supernovae (Reiss et al. 1998; Perlmutter et al. 1998 Perlmutter et al. , 1999 Sahani and Starobinsky 2000) Universe is accelerating. This suggests the possibility that a nonzero cosmological constant ( ) may dominate the total energy of our Universe. The cosmological implications of the existence of a term are enormous, concerning not only the evolution of the Universe, but also structure formation and age problems. If term must be restored to the Einstein equations, surprises may turn up in other physical applications of Einstein's equations as well. For example, Markovic and Shapiro (2000) generalized the Oppenheimer-Snyder model (which describes the gravitational collapse of a spherical homogeneous dust ball initially at rest in exterior vacuum to a Schwarzschild black hole) taking into account the presence of a positive . They showed that may affect the onset of collapse and decelerate the implosion initially. The results of the Markovic and Shapiro were qualitatively generalized to the inhomogeneous dust and degenerate cases by Lake (2000) for both > 0 and < 0. It was shown explicitly by Cissoko et al. (1998) that the cosmological term slows down the collapse of matter, limiting the size of black holes.
The Tolman-Bondi metric (Tolman 1934; Bondi 1948 ) which is asymptotically flat, has been extensively used to study the formation of naked singularities in spherical collapse. It is seen that the Tolman-Bondi metric admits both naked and covered singularities depending upon the choice of initial data and there is a smooth transition from one phase to the other (Eardley and Smarr 1979; Eardley 1986; Deshingkar et al. 1999; Lemos 1991 Lemos , 1992 Dwivedi and Joshi 1992; Joshi and Singh 1995a, 1995b; Joshi and Dwivedi 1993; Newman 1986; Ori and Piran 1990; Waugh and Lake 1988) . However, according to the cosmic censorship conjecture (CCC) (Penrose 1969 (Penrose , 1979 , the singularities that appear in gravitational collapse are always surrounded by an event horizon. Moreover, according to the strong version of the CCC, such singularities are not even locally naked, i.e., no non-spacelike curve can emerge from such singularities (see Joshi 1993; Clarke 1993; Wald 1997; Jhingan and Magli 1999; Singh 1999; Joshi 2000 , for reviews on the CCC). The study in the inhomogeneous dust collapse with a positive , from the viewpoint of CCC, was examined in (Cissoko et al. 1998; Deshingkar et al. 2001; Gonçalves 2001; Ghosh 2005) . Deshingkar et al. (2001) showed that the presence of a can cover a part of the singularity spectrum which is visible in the corresponding dust collapse models for the same initial data. Whereas Wagh and Maharaj (1999) showed that in spherically symmetric radiation collapse (Vaidya collapse), the effect of adding a positive does not radically alter the description. Lemos (1999) arrived at the same conclusion for a negative . The result in both these cases are the same as in the case of collapsing radiation in the Minkowskian background. Therefore, at least, in the case of spherical radiation collapse, the asymptotic flatness is not essential for the development of a naked singularity.
While gravitational collapse has been originally studied in four dimensions (4D), there have been several attempts, mainly motivated by string theory, to study it in HD space-time (Banerjee et al. 1994; Sil and Chatterjee 1994; Soda and Hirata 1996; Jlha and Lemos 1997; Jlha et al. 1999; Frolov 1999; Rocha and Wang 2000; Ghosh and Beesham 2001; Ghosh and Dadhich, 2001, 2002; Kim et al. 2002; Ghosh and Banerjee 2003; Goswami and Joshi 2004a, 2004b; Debnath et al. 2004; Debnath and Chakraborty 2004) Since, current experimental results involving tests of the inverse square law do not rule out extra dimensions even as large as a tenth of a millimeter. It is now important to consider the evolution of the extra dimensions since the observed strength of the gravitational force is directly dependent on the size of the extra dimensions. As a consequence, there is a renewed interest towards understanding of the general relativity in more than four dimensions, as growing volume of recent literature indicates. In particular, several solutions to the Einstein equations of localized sources in higher dimensions have been obtained in the recent years (Chados and Detweiler 1982; Myers and Perry 1986; Iyer and Vishveshwara 1989; Chatterjee et al. 1990; Gallo 2004) .
In this paper, we shall study spherical inhomogeneous dust collapse with a positive in HD theory of gravity, and present solutions in closed form. This is HD analogous of 4D Tolman-Bondi-de Sitter solutions and for definiteness we shall call it HD Tolman-Bondi-de Sitter solutions. Then, we show that HD Tolman-Bondi-de Sitter admits strong curvature naked singularity. However, the presence of a positive does not radically alter the established picture of Inhomogeneous dust collapse.
In the next section, we give exact HD spherically symmetric solution of Einstein field equation for a collapsing inhomogeneous dust with a cosmological constant . This is followed by junction conditions between a static and a nonstatic HD spherically symmetric space-time in Sect. 3. The nature of singularities of such a space-time, and the consequence of cosmological constant is a subject of Sect. 5. This is preceded by detailed analysis on apparent horizon in Sect. 4.
We have used units which fix the speed of light and the gravitational constant via 8πG = c 4 = 1.
